Abstract：Small hydropower is a reliable energy technology to be considered for providing clean electricity generation. Producing electrical energy by small hydropower is the most efficient contribution to renewable energy. Cross-flow turbine is adopted primarily because of its simple structure and high possibility of applying to small hydropower. The purpose of this study is to investigate the effect of inlet nozzle shape on the performance and internal flow of a cross-flow turbine for small hydropower by CFD analysis. Moreover, the shape effect of draft tube has been investigated according to modified shapes of the length and the diffuse angle. The results show that relatively narrow and converging inlet nozzle shape gives better effect on the performance of the turbine.
Introduction
Recently, small hydropower attracts attention because of its clean, renewable and abundant energy resources to develop. However, suitable turbine type is not determined yet in the range of small hydropower and it is necessary to study for the effective turbine type. Moreover, relatively high manufacturing cost by the complex structure of the turbine is the highest barrier for developing the small hydropower turbine. Therefore, a cross-flow turbine is adopted because the turbine has relatively simple structure and high possibility of applying to small hydropower.
Previous studies by researchers for the cross-flow turbine have been tried to determine the optimum configuration of the turbine by experimental and numerical methods. Mockmore et al. [1] have used the methods of one-dimensional theoretical analysis and experiment. Khosrowpanah et al. [2] , Fiuzat et al. [3] and Desai et al. [4] have tried experimentally to improve the turbine performance by modifying the shape of flow passages or by applying devices to the turbine. Moreover, Fukutomi et al. [5] [6] [7] [8] has demonstrated the effect of component parts of the turbine on the turbine performance by series of studies using experimental and numerical methods. In particular, Choi et al. [9, 10] 
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Conclusions
The Recirculation flow in the runner passage may cause output power loss. Therefore, optimized air suction method is required in order to suppress the recirculation region by use of air layer.
